In regional water resources management and disaster preparedness, the analysis of extreme rainfall events is essential. The need to investigate drought and flood conditions is now heightened within the context of climate change and variability. The Standardised Precipitation Index (SPI) was employed to assess the extreme rainfall event on Tordzie watershed using precipitation data from 1984-2014. The SPI on the time scale of 3, 6, 9 and 12 months were determined using "DrinC" software. The drought was characterised into magnitude, duration, intensity, frequency, commencement and termination at the time scales of SPI-3, SPI-6, SPI-9 and SPI-12. Results indicated that the middle reaches (Kpetoe) of the watershed experienced less severe drought condition compared to the lower reaches (Tordzinu). Mann-Kendall (MK) test and Sen's slope (SS) revealed general increasing drought trend but insignificant at 95% confidence interval. The SS indicated change in magnitude of 0.016 mm/year, 0.012 mm/year, 0.026 mm/year and 0.016 mm/year respectively at the mentioned time scales at 95% confidence interval at the Tordzinu and that of Kpetoe were 0.006 mm/year, 0.009 mm/year, 0.014 mm/year and 0.003 mm/year. These changes could have implication for agriculture and water resources management and engender food insecurity among smallholder farmers.
Introduction
Global warming or climate change has been reported by [1] as the main contributor to variation in atmospheric circulation and the hydrological cycle and this alters the intensity and spatial distribution of precipitation. The authors further explained that the global warming in turn changes local drought and flood conditions and affects the regional agricultural sector. Rosenzweig et al. [2] added that change can also occur in the frequency of extreme weather events within the context of climate change. They further elaborated that the change can induce various meteorological hazards such as floods, droughts and rainstorms.
A prolonged period of water deficit is referred to as drought, which usually occurs when precipitation receives in an area falls below usual levels for several months. Depending on the components of the hydrological cycle affected by a drought event, the drought can be categorised as meteorological, agricultural or hydrological. The extended period with precipitation below normal levels, which generally appears before other drought types is called meteorological drought.
The standardized precipitation index (SPI) proposed by McKee et al. [3] is employed to define meteorological drought in this study.
The other types of droughts such as agricultural, hydrological and economic ones are connected with meteorological droughts which records below normal rainfall. The deficit of soil moisture supply to the plants usually leads to agricultural droughts and the hydrological droughts are comparatively of long term and normally results in low flows in rivers and depleted reservoir storages.
The concept of drought may differ from place to place since rainfall varies significantly among different regions and localities. As such, for more effective assessment of the drought phenomena, the World Meteorological Organization [4] recommends adopting the Standardized Precipitation Index (SPI) to monitor the severity of drought events. Rainfall deficit are represented by negative SPI values, whereas positive SPI values indicate rainfall surplus [5] . The magnitude of negative SPI values is used to classify drought intensity such that the higher the negative SPI values are, the more serious the event would be. For example, negative SPI values greater than 2 are often classified as extremely dry conditions [5] . For the convenience and robustness of its application, the SPI has been used extensively in many countries and regions to characterize the dry and wet conditions. Some countries and regions where it has been used are United States [6] , Canada [7] , Italy [8] [9] , Iran [10] [11] and Korea [12] [13] . According to Green [14] , climate change is but one symptom of our past failure to achieve sustainable development, amongst many other symptoms.
Tordzie watershed is one of the key basins in the Volta Region of Ghana.
However, this watershed is one of the least studied in terms of its hydrology in Ghana. Moreover, the temporal drought estimation using standardized precipitation index has not been employed to analyze drought occurrence on the mentioned basin. Additionally, there is no research evidence on drought analysis on 
Materials and Method

Study Area
The study was carried out in selected network stations in the Tordzie watershed in Ghana. The climatic data from the network of meteorological stations covering two (2) different physiographic areas within the Tordzie watershed was collected for analysis. The selection of the physiographic sample area for the study was based on the data availability and the study requirements. Historical rainfall data were collected from the Ghana Meteorological Services Department.
The Tordzie watershed is shown in Figure 1 . The network stations in the Tordzie watershed which data were analysed were Kpetoe (6˚33'0''N, 0˚42'0''E) and Tordzinu (5˚5'0''N, 0˚45'0''E) at elevation 69.2 and 5.4 m respectively.
Tordzie is a trans-boundary basin. The area in Ghana is 1865 km 2 which constitutes 83.7% and the remaining area in Togo is 363 km 2 which is 16.3%. The total area of the basin is 2228 km 2 [15] . [16] presented the overall design and the implementation of the DrinC (Drought Indices Calculator) software along with the utilization of various approaches for drought analysis.
Method Description Computation of Standardised Precipitation Index (SPI)
The rainfall deficit within the Tordzie watershed was computed using the standardised precipitation index. A long term data for a period of 1984 to 2014 was used (31 years). The procedure used by McKee et al. [3] for fitting the rainfall data to a probability distribution function was adopted. Monthly rainfall data was aggregated into different time scale of 3, 6, 9 and 12 months respectively.
The SPI values were subsequently computed and used in drought/flood assessment and classification. According to Bordi and Sutera [17] gamma distribution function is preferable for this type of analysis as it fits well in rainfall time series data. The procedure and formula for the computation of SPI is as follows:
The precipitation value is transformed into the SPI for the purpose of transforming: 1) mean of the precipitation value (adjusted to 0); 2) standard deviation of the precipitation (adjusted to 1.0); and 3) skewness of the existing data readjusted to 0).
The standardized precipitation index can be interpreted as mean 0 and standard deviation of 1.0 when the above goals have been achieved.
This is called U parameter, where; x is rainfall amount (mm), x is the mean rainfall (mm) and N is the number of observations.
This is referred to as shape parameter The gamma distribution is expressed in terms of its probability density function as:
where; α is the scale parameters, β is the shape parameter and x is the rainfall amount (mm), ( ) β Γ is the value of the gamma function and x is the mean rainfall (mm).
The gamma function ( ) ) where, y is the value computed from Equation (7) that is y is equal to g(x).
The numerical method was used in evaluating the gamma function in Equation (8) , by incorporating in the tabulated values that depended on the value taken by shape parameter β . A maximum probability was used in estimating the optimal values of α and β using Equations (5) and (6) . Equation (7) which is referred to as probability density function g(x) is integrated with respect to x to obtain an expression for cumulative probability G(x).
This function is applicable to a certain amount of rainfall for a particular month of specific duration of time. 
where; H(x) is the cumulative probability and q is the probability of zero rainfall. q = m/n; where m was taken as the number of zero rainfall entries in the time series rainfall data and n is number of observations.
After the above computations were carried out using the mentioned equations, the cumulative probability was transformed into a standard normal distribution. This was done in such a manner that the mean and variance of the SPI values were zero and one respectively.
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where; 0 2.515517
The criteria established by [3] was employed for the drought classification and the threshold value presented in Table 1 . Figure 2 summarizes the steps followed in the computation of the SPI.
Trend Analysis
Mann-Kendall Analysis
Considering the time series of n data points and T i and T j are two sub-sets of data where
Each data point T i was used as a reference point and compared with all the T j data points such that:
The Kendal test's S-statistic was compared as:
The variance for the S-statistic is defined as: Mann-Kendal test does not require the assumption of normality and only indicates the direction but not the magnitude of significant trends. Equation (15) implies that if T i is greater than T j the value of T will be 1, and the second condition shows that if T i is less than T j the value of T will be −1, while the last condition implies that if i j T T = , then the value will be 0. Mann-Kendall analysis is started from the bottom and is computed towards the top values because the reference point is being compared with all the T j values above.
Sen's Slope Method
The Sen's slope method was used to estimate the rate of change:
median ,
where X j and X i are the data values in times j and i respectively. The ∆ sign represents the direction of change and its value indicates the steepness of change. According to Yue et al. [18] , the slope estimated by Sen's slope estimator is a robust estimation of the magnitude of the trend.
Results and Discussion
The The total monthly drought characteristics in terms of magnitude, duration and severity for the period of 1984-2014 is display in Table 2 . The average drought duration at the Tordzinu side appears higher to that of Kpetoe. However the magnitude and severity differences were not clear cut in terms of it following a particular trend or pattern. The observed clear cut differences in It is also revealed that drought intensity is inversely proportional to its duration, meaning as drought frequency increases its corresponding duration decreases. Primarily, the global warming is responsible for the changes in the hydrological cycle, for instance the changes in the frequency and intensity of precipitation, temperature, evapotranspiration, soil moisture level and the underground water capacity [1] . Tordzinu. The possible explanation could be the differences in the ecological zones and geomorphology. The implication is that the extreme drought occurrence was higher at Tordzinu for SPI-3 and SPI-12. Thus soil moisture for agricultural production could be negatively impacted as well as the underground water availability. The aim of the drought frequency analysis is to identify the drought of different severity levels and their probability of occurrence. This revelation implies that the extreme climatic events are rare though drought frequency in general is on the ascendancy. In a related study by Kasei et al. [21] on the drought frequency in the Volta basin of Ghana they found out that 1983/84 drought affected the whole region of Ghana. In that study, the authors revealed that the drought intensity was lower than −2.0 for that particular year and affected about 75% of Ghana suggesting that a major part of the Ghana was under extreme drought conditions. It is also reported by Seneviratne et al. [22] that meteorological (rainfall) and agricultural (soil moisture) droughts have become 
Drought/Flood Frequency Distribution (Probability of Occurrence)
Drought Magnitude and Duration
A drought event occurs whenever SPI values are continually negative and ends when the values become positive. Drought has a duration defined by its commencement and termination. The positive sum of the SPI values for all the months within a drought event is termed as drought magnitude. The intensity of drought event is defined as the ratio of event magnitude to its duration.
The historical drought characteristics like drought duration, magnitude and intensity are provided in the Table 3 Simelton et al. [23] who reported that small droughts can have bigger impacts than bigger droughts. This is because dry spells are erratic and can happen several times and at critical periods of the rainy season leading to severe plant water stresses and reduced yields. It is further revealed that 1985 was a wet year in Tordzinu as December is the only month of the year that experienced drought.
On the other hand, 1988 and 1999 in Kpetoe were wet years with only two months experiencing drought. The months were August and October in 1988
and May and December in 1999. It is also noted that years with multiple hazards (droughts and floods) impact severely on agricultural production. That is, the concurrent occurrence of drought and flood in a year lead to severe crop losses.
On the average the drought duration for the considered two network stations on the watershed were mostly (>90%) five or more months in the years 1984-2014
for SPI-12 time scale.
One purpose of the current study is to derive new information on the duration/number of drought events on the Tordzie watershed and to characterise its historical temporal pattern. For each SPI time scale, the number of droughts with a given duration was estimated. The results for duration 3, 6, 9 and 12 months are shown in Figure 7 . At the middle reaches (Kpetoe) of the watershed, 
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Annual and Seasonal Trend Analysis of SPI Series
The analysis of the temporal drought trend and change at different time scales 
SPI-12
Time (year)
events had been increasing since the 1970s till now. In that study, the investigators employed the standardised precipitation index for the analysis. Again in a related study by Owusu et al. [24] and Nyatuame et al. [25] , they did not only confirm the declining rainfall and its variability but they also observed the increasing length of the dry season since the half of the twentieth century.
The The differences between the SPI and the corresponding trend in the two stations could be due to the variation in temperature. Evidence from the study of Vicente-Serrano et al. [26] confirmed that greater atmospheric evaporative demand resulting from temperature increase lead to drought severity increase as a consequence. These changes could have profound implication for agriculture and water resources management in the watershed and by extension engendering food insecurity and poverty among the smallholder farmer especially.
Conclusion
The SPI is robust tool for temporal historical drought/flood analysis. The analysis revealed that the watershed is prone to both drought and flood hazards. 
